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Abstract 
We model the direct transfer of ECM protein to hard substrates that are relevant to biomedical micro devices. To 
better understand the processes involved in the contact and transfer of protein, mechanics model and finite 
element simulations were used to simulate the protein transfer process over hard substrates with different 
stamped–strike layer thickness ratios. We also considered the direct transfer of the ECM protein to bare 
substrates.  Interfacial fracture analyses are used to determine the minimum stamping pressure required for direct 
transfer. A conservative model is also presented for the stamping of ECM protein on hard substrate. This 
provides the opportunity for better designs of new stamps and optimization of existing ECM Stamps 
Keywords: ECM Protein, stamp, Substrates. 
 
1. Introduction 
The native environment of living cells is a 3D scaffold comprising an insoluble aggregate of several highly 
organized , multifunctional large proteins and glycosaminologlycans(GAGs), collectively known as extracellular 
matrix (ECM). The ECM provides mechanical support for cells. Most mammalian cells must adhere to a surface 
to survive. It also profoundly influences the fundamental cellular functions such as migration, proliferation, 
differentiation and apoptosis of the cells with which it is in contact.  
By interacting directly with the ECM, Cells gather information about the chemical and physical nature of the 
environment, integrate and interpret it, before generating the appropriate physiological response.  This behavior 
expands the application of micro-patterning the ability to direct cells behavior through precisely designed 
environments, by patterning ECM proteins on substrates [1]. 
ECM protein are relatively soft materials that provides opportunities for alternative fabrication methods that 
preserve their low cost potential. The techniques for applying proteins to substrate surfaces include: soft 
lithography, complimentary photo lithographic techniques, spot arraying, direct writing using tip of an atomic 
force microscope, and colloidal arrays [2-9]. Micro contact printing [10-12] from the family of the soft 
lithography methods is mostly used. 
Prior studies [13, 14] have shown that agragose gels can be micro-patterned for the stamping of protein and 
affinity capture of protein from solution and their dissociation by contact printing [15]. Micro-patterning by local 
transfer of a metal film has also been carried out using cold welding processes [16, 17].  Van der waals forces 
have also been used to facilitate direct transfer of an organic thin film from a stamp to a substrate [18]. 
In this work, we model the direct transfer of ECM protein to hard substrates that are relevant to biomedical 
micro devices that are relevant to implantable devices. The effects of such ordered textures, in particular 
microgroves and ridges on different cell types have been analyzed by many authors[19, 20] Typically the cells 
become elongated and aligned in the direction of grooves this phenomenon is known as contact guidance [1] The 
degree of alignment has also been shown to depend on the groove depth and width.  
To better understand the processes involved in the contact and transfer of protein, we model and simulate the 
direct transfer of ECM protein to hard substrates with different stamped–strike layer thickness ratios. We also 
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consider direct transfer of the ECM protein to bare substrate surfaces.  Interfacial fracture mechanics is used to 
determine the minimum stamping pressure required for direct transfer. 
 
2. Theory 
The stamp consisted of a polydimethylsiloxane (PDMS) layer supported on a silica wafer. It was coated with the 
ECM protein for direct transfer to a photoresist grated glass. A thin layer of ECM protein Strike layer of the 
same composition as that of the stamped layer was deposited on the grated substrate before the stamping. Figure 
1 shows a three dimensional view of the strike layer deposited on the photoresist-grated substrate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The three dimensional view of the strike layer deposited on photoresist-grated substrate. 
 
 
 
 
Figure 2. The contact transfer of ECM protein from a stamp to hard or soft substrate. 
 
 
Figure 3. Schematic of non-contact width  NCw formation after ECM stamping. 
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Different stamped layer thickness, Tstl, to Strike layer thickness, Tsrl, ratios were modeled to obtain final ECM 
layer thickness of 700 nm. The ratios considered were: 7/0, 6/1, 5/2 and 4/3. Note that 700 nm is the natural 
ECM thickness required for cell fundamental functions. Also the hard substrate has a breadth of 560 µm and 
length of 600 µm. The model also assumed a typical grate depth of 12 µm and exposed substrate surface width 
and length of 120 µm and 600 µm respectively. These were modeled on glass substrates.  
The stamp pattern was modeled as rectangular shaped stamp with a length of 600 µm and a width of 160 µm. 
The alignment tolerance was set to 20 µm. Figure 2 shows a diagram of the stamp set up for the stamping of 
ECM protein . Figure 3 shows the non contact width NCw created as a result of defect from the stamping 
process.  
The Griffith theory of crack propagation was used to obtain the critical crack length from the simulation. Crack 
propagation occurs when the released elastic strain energy is at least equal to the energy required to generate new 
crack surface. The stress σ required to create the new crack surface is given by: 
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Under plane strain conditions, equation 1 becomes: 
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Where E is the Young’s Modulus of the material, γ is the surface energy density of the material, a is the crack 
half-length and ʋ is the poisson’s ratio of the material. 
Irwin and Orowan suggested that Griffith’s equation could be modified by including the plastic work, γp, into the 
total elastic surface energy required to extend the crack. This results in the modified Griffith equation given 
below 
 
 
 
 = 2 +  1 − "#

  ……… .…………… . .3 
Since γs+ γp is equal to the energy release rate, G, equation 3 can be expressed as: 
 ≈  &1 − "	
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The critical crack length was fed back to the model to determine the minimum pressure required for stamping for 
different stamped layer-strike layer thickness ratios. 
 
3. Modelling and Simulation 
Finite element simulations were performed using the Abaqus software version 6.12-2. Abaqus is a trademark of 
Dassault Systemes, Providence, RI, USA. The materials data required for this simulations were obtained from 
relevant literature and summarized in Table 1. 
Since collagen is the main structural component and the most abundant glycoprotein in ECM Protein. Collagen 
material properties were used to simulate the structural behavior of ECM Protein. The interaction between the 
stamped layer surface and strike layer pre-deposited glass surface were modeled as hard contact.  
 
Table 1. The material data used for stamping model.  
 
Material Poison’s  
ratio 
Young Modulus 
 (GPa) 
ECM       
Protein 
0.30 5.0 
Au 0.42 106.0 
PDMS 0.49 0.003 
photoresist 0.30 8.0 
Glass 0.30 68.0 
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The materials were assumed to be isotropic and elastic and adhesive interaction between the ECM protein 
surfaces ECM-substrate surfaces were ignored prior to contact. Stamping Pressure ranging from 5MPa to 40 
MPa were simulated for the ECM stamping. 
 
4. Results and Discussion 
Figure 4 shows the plot of stamping pressure against the resulting non contact width NCw.  We need to know the 
quantitative relationship between NCw and Stamping pressure for a given ECM stamped layer-strike layer 
thickness ratio. The NCw decreases with increase in stamping pressure. This is because of the increased  
deformation of ECM stamped layer as result of increased stress in the layer when the stamping pressure is 
increased. There is decrease in the NCW with reduced Tstl/Tsrl. The reason for this is due to reduction in the 
stiffness of the ECM stamped layer. If the pressure remains constant ,the reduction of the Tstl  will produce 
higher deformation. 
 
Figure 4. Plot of Stamping pressure against the resulting Non contact width NCw as result of the stamping 
defect. 
(a)              (b) 
 
 
  
Figure 5. (a) The plot of the stamped ECM layer thickness Tstl against the minimum required pressure for 
stamping. (b) The plot of the ECM stamped layer-strike layer ratio Tstl/Tsrl against the required minimum 
pressure required for stamping.  
 
Figure 5(a) shows the dependence of the stamped layer thickness on the minimum pressure required for 
stamping. At low pressure ranging from 10 kPa to 4 MPa, Ncw >0. At higher pressures, NCw →0. The 
minimum pressure required for stamping ranges from 5.4 MPa to 15 MPa for 700nm ECM protein transfer. The 
pressure required for stamping increases gradually with increased stamped layer thickness. 
From the plot of minimum pressure versus Tstl/Tsrl as shown in Figure 5(b), the minimum pressure increases 
with increase in Tstl/Tsrl with pressure increase relatively small for thickness ratios greater than 4.5. This shows 
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that the stamping pressure required for ECM composite can be optimized by clever adjustment of Tstl.  This 
provides the opportunity for design optimization of ECM Stamps.  
A conservative model was obtained for ECM protein stamping.  
NCw=f(Tstl,Tsrl,P)……………………………5 
Since the effect of Tsrl is negligible for hard contact modelling, Equation 5 could be expressed as: NCw = ,51178701234056.789 ..................6 
5. Conclusion 
We modeled 700 nm thick ECM protein transfer on hard substrate. The ECM  was modeled as composite and the 
transfer of ECM protein on hard substrate was investigated using a mechanics model  and finite element 
simulations. By considering the effect of stamping pressure on NCw for different ECM protein thickness Tstl 
and Tsrl, we have shown the stamping defect can be reduced by adjusting the stamping pressure and stamping 
pressure required for ECM composite can be optimized by clever adjustment of Tstl. This provides the 
opportunity for design optimization of ECM Stamps.   A conservative model was presented for stamping of 
ECM protein on hard substrate. 
The processes involved in the transfer of ECM protein stamping to soft substrate has not been studied. Soft 
contact modeling of ECM protein on soft substrates like Polyethyleneglycol PEG and PDMS needs to be 
explored and cellular functions on stamped ECM studied. 
 
Acknowledgements 
This work was done at the Modelling and Simulation laboratory of Civil and Environmental Engineering Dept, 
Worcester Polytechnic Institute. It was supported by the World Bank STEP-B program, AUST, NASENI and 
African Centers of Excellence program of the World Bank. 
 
References 
1. Alves, N.M., Pashkuleva, I., Reis, R.L, Mano, J.F. (2010). Controlling the cell behavior through the design 
of polymer surfaces. Small, 6, 2208-2220 
2. Thissen, H., Hayes,J.p., Kingshott,P., Johnson, G., Harvey,E.C., Griesser,H.J., (2002). Nanometer thickness 
laser ablation for spatial control of cell attachment . Smart materials and structures , 11(5),792. 
3. Blawas,A.S., Reichert, W.M. (1998). Protein Patterning. Biomaterials 19(7-9), 595-609. 
4. Tores A.J., Wu M., Holowka D., Baird B. (2008). Nanobiotechnology and Cell Biology: Micro and 
Nanofabricated surfaces to investigate receptor-mediated signaling. Annual Review of Biophysics 37(265-
288) 
5. Xia Y., Whitesides G.M. (1998). Soft lithography. Annual review of material Science, 28(153-184). 
6. Gleason, N.J., Nodes, C.J.,  Higham, E.M., Guckert,N., Aksay,I.A., Schwarzbauer,J.E., Carbeck, J.D. 
(2003). Patterning Proteins and cells using two-dimensional arrays of colloids. Langmuir,19(3), 513-518. 
7. Christman, K.L., Enriquez-Rios,V.D., Maynard,H.D. (2006). Nanopatterning proteins and peptides. Soft 
matter, 2(11), 928-938. 
8. Piner, R. D., Zhu, J., Xu, F., Hong, S., & Mirkin, C. A. (1999). Dip pen nanolithography. Science 
283(5402), 661-663 
9. Michel, R., Pasche, S., Textor, M., & Castner, D. G. (2005). Influence of PEG architecture on protein 
adsorption and conformation. Langmuir, 21(26), 12327-12332. 
10. Khademhosseini, A., Jon, S., Suh, K. Y., Tran, T. N., Eng, G., Yeh, J., ... & Langer, R. (2003). Direct 
Patterning of Protein‐and Cell‐Resistant Polymeric Monolayers and Microstructures. Advanced 
Materials, 15(23), 1995-2000. 
11. Pan, Y. V., McDevitt, T. C., Kim, T. K., Leach-Scampavia, D., Stayton, P. S., Denton, D. D., & Ratner, B. 
D. (2002). Micro-scale cell patterning on nonfouling plasma polymerized tetraglyme coatings by protein 
microcontact printing.Plasmas and polymers, 7(2), 171-183. 
12. Groll, J., Haubensak, W., Ameringer, T., & Moeller, M. (2005). Ultrathin coatings from isocyanate 
terminated star PEG prepolymers: patterning of proteins on the layers. Langmuir, 21(7), 3076-3083. 
13. Mayer, M., Yang, J., Gitlin, I., Gracias, D. H., & Whitesides, G. M. (2004). Micropatterned agarose gels for 
stamping arrays of proteins and gradients of proteins. Proteomics, 4(8), 2366-2376. 
14. Renault, J. P., Bernard, A., Juncker, D., Michel, B., Bosshard, H. R., & Delamarche, E. (2002). Fabricating 
microarrays of functional proteins using affinity contact printing. Angewandte Chemie, 114(13), 2426-2429. 
15. Bernard, A., Fitzli, D., Sonderegger, P., Delamarche, E., Michel, B., Bosshard, H. R., & Biebuyck, H. 
(2001). Affinity capture of proteins from solution and their dissociation by contact printing. Nature 
biotechnology, 19(9), 866-869. 
Advances in Life Science and Technology                                                                                                 www.iiste.org 
ISSN 2224-7181 (Paper) ISSN 2225-062X (Online) 
Vol.24, 2014 
 
144 
16. Kim, C., Shtein, M., & Forrest, S. R. (2002). Nanolithography based on patterned metal transfer and its 
application to organic electronic devices.Applied Physics Letters, 80(21), 4051-4053. 
17. Kim, C., & Forrest, S. R. (2003). Fabrication of Organic Light‐Emitting Devices by Low‐Pressure Cold 
Welding. Advanced Materials, 15(6), 541-545. 
18. Kim, C., Cao, Y., Soboyejo, W. O., & Forrest, S. R. (2005). Patterning of active organic materials by direct 
transfer for organic electronic devices. Journal of applied physics, 97(11), 113512. 
19. Milner, K. R., & Siedlecki, C. A. (2007). Submicron poly (L‐lactic acid) pillars affect fibroblast adhesion 
and proliferation. Journal of Biomedical Materials Research Part A, 82(1), 80-91. 
20. Wilkinson, C. D. W., Riehle, M., Wood, M., Gallagher, J., & Curtis, A. S. G. (2002). The use of materials 
patterned on a nano-and micro-metric scale in cellular engineering. Materials Science and Engineering: 
C, 19(1), 263-269. 
 
 
 
